Objective Access to hospitals in megacities in low and middle income countries might be hampered by travel barriers and distance. We assessed the 'inverse care law' hypothesis: whether hospitals tended to be built in the relatively better-off areas through the time. Methods A longitudinal time-series study (1966 to 2011) in Tehran to measure inequality in the distribution of hospital beds. We assessed correlations between the district socioeconomic status and availability of hospital beds via regression analyses, estimated correlation, Gini and concentration indices, and used GIS models to map hospital distributions through time. Finding We found a clear relationship between socioeconomic status and number of hospital beds per capita (P-values <0.05). Gini coefficients were about 0.6 and 0.8 for public and private beds, respectively. A third of the variations in hospital bed distribution was explained by the welfare status of the district. For every extra residential room per capita, 130 to 280 extra beds were observed per ten thousand population at the district level. In 2011, out of 162 hospitals, 110 were located in six districts around the centre and northern part of the city. During the time period only two private hospitals were built in relatively disadvantaged districts. Conclusion Over a period of about fifty years new hospitals had been established in the relatively affluent areas of the city and the relationship between socioeconomic status of district with total, private and public beds were direct and intensive. Results indicate the problem of inequality may remain over time and be resistant to policy initiatives and major political changes.
Introduction
Provision of equitable access to health care is an important concern of policy makers in health systems around the world (Aday and Andersen 1974 , Culyer and Wagstaff 1993 , Goddard and Smith 2001 , Joseph and Phillips 1984 , Morris et al. 2005 , Shannon and Dever 1974 , Talen 1998 . Inequity and inequality in the provision of health services are reported in high-income countries (Goddard and Smith 2001 , Isabel and Paula 2010 , Joseph and Phillips 1984 , Morris et al. 2005 , Parker and Campbell 1998 , Shannon and Dever 1974 as well as in low and middle-income countries (Annis 1981, Rashidian et al. 2013 , Stock 1983 . Inequalities in the provision of health services exist between and within the countries (Hanson et al. 2003 , Mobaraki et al. 2013 , Rashidian et al. 2013 , Speybroeck et al. 2006 , Whitehead 1992 . There are strong ethical underpinnings that advocate more equitable distribution of health care resources (Calman 1994 , Maddox 1998 . The World Health Organization has a strong emphasis on measuring inequalities in the distribution of health resources, noting access to health care as a fundamental right of all people and disparities in the geographical distribution of health resources may hamper access to health care (WHO 2000 , WHO 2010 .
Julian Tudor Hart, in his groundbreaking article, titled 'inverse care law' that was published in the Lancet in 1971, argued that the provision of health care often followed a counterintuitive pattern: in areas where the disease and death occurred more, there were fewer healthcare centres and hospitals, and doctors and health professionals experienced more work pressure (Hart 1971) . He noted that in low socioeconomic areas with more pertinent health problems, health care buildings were older and had a shortage of facilities and equipment, people spent more time waiting for health care, and services that they received were less effective than the services received by people living in better-off areas. As such, he coined the term 'inverse care law' (Hart 1971) . He also proposed that 'this inverse care law operated more completely where medical care was most exposed to market forces' (Hart 1971) . Studies published many years after Hart, continued to show that the 'inverse care law' continued to operate in many countries and in many aspects of health care (Isabel and Paula 2010 , Morris et al. 2005 , Parker and Campbell 1998 , Whitehead 1992 .
While assessments of inequity in the geographical distribution of health services often focus on the differences between different regions of a country (Fang et al. 2010 , Goodman et al. 2001 , Horev et al. 2004 , Mobaraki et al. 2013 , Nishiura et al. 2004 , Shinjo and Aramaki 2012 , inequities can also be observed in smaller geographical units; for example noting the disadvantages that the people living in urban slums may face (Ahmed 2004) . Many studies have measured inequality between provinces, districts or cities. They have shown a disproportionate distribution of beds between and within states, cities and districts (Goldsmith et al. 2008 , Goodman et al. 2001 , Horev et al. 2004 , Matsumoto et al. 2010 , Sari et al. 2015 , Shahabi et al. 2010 , Shinjo and Aramaki 2012 . Few studies have assessed the distribution of hospital beds in megacities (Shafii et al. 2012) . Inequitable distribution of outpatient physician services in megacities has also received limited attention (Guagliardo et al. 2004) .
Despite the fact that social justice is often a key motivation for the provision hospital services by the public sector, it seems that the distribution of publicly funded hospital services may not adequately focus on those people who are more in need of care. Decisions about the allocation of resources (including where to establish a new hospital or expand existing hospitals), are often influenced by political pressures and expectations (Talen 1998) . A wide range of other factors such as economic and social factors also influence such decisions (Asante and Zwi 2009 , Starfield 2001 , Talen 1998 .
Despite the increasing number of studies demonstrating the inequality in the provision of care, its impact on health outcomes, and the interventions to improve equitable access to health care, few studies have assessed such inequalities within major urban settings (i.e. megacities). In such cities of several million populations, from Bangkok to Karachi to Mexico City, the location of hospitals in the city can have major impacts on access to health care. Travel in such cities is almost invariably affected by traffic jams and may incur financial expenses that are difficult to afford by low income households (Brown and Lloyd-Jones 2014) . Unpredictability of the traffic flow, long distances and financial barriers that limit the use of the transportation systems by socioeconomically disadvantaged households may limit effective access to hospitals in megacities (Fatih and Egresi 2013 , Gething et al. 2012 , Lee and Moon 2014 . Hence the distribution of hospital resources within the megacities may affect access to health care and utilization. If the 'inverse care law' is pertaining in these environments, i.e. rich neighbourhoods enjoy easier access to care, then this should also be a source of concern for decision makers. Such maldistributions of hospital beds within megacities is more often neglected because of the fact that megacities absorb most of hospital beds in the country as compared with smaller towns and more remote areas in the country. As a result, policy makers may wrongly assume that residents in megacities are better off in access to care, because the aggregate number of resources in the megacity as a whole is larger than the rest of the country.
Tehran is Iran's capital and the largest city with an area of about 700 square kilometres. Greater Tehran's population is over 13 million people, equivalent to about 17% of the country (Cox 2015) . While compared to other parts of Iran, Tehran enjoys a bigger share of hospital beds per capita, there is some evidence that the distribution of such services in certain parts of the city may have produced important inequalities in access and use of services (Shaali 2000 , Shafii et al. 2012 . Interestingly, a national Multiple Indicators Demographic and Health Survey in 2010 showed the largest proportion of child deliveries on the way to the hospital occurred in the Tehran province as compared to the rest of the country , suggesting that maldistribution of resources in the city compound with traffic jams and long distances has produced challenges in access to important services (Alinia et al. 2015 , Kazemian et al. 2004 . In this study, we assess the current and historical distribution of hospitals in Tehran to assess the 'inverse care law' hypothesis in this megacity; i.e. whether hospitals have tended to be built in the relatively better-off areas of the city through the time. We also assess whether there are any differences between publicly owned or private hospitals in that regard.
Methods

Design
We conducted a longitudinal time-series study of hospital establishment in Tehran covering 45 years from 1966 to 2011.
Data sources
During this time period, the data were collected for six different cutoff years : 1966, 1976, 1986, 1996, 2006 and 2011 . Two types of data were collected: hospital related data (establishment year, location, hospital ownership, and number beds including changes in the number of beds through time), and variables demonstrating the socioeconomic status of each district in Tehran (population, bed room per capita, residential floor area per capita for each data point).
The bed room per capita index was used for the period from 1966 to 1996 as residential floor area per capita data was not available in that period. Both of these variables closely reflect the socioeconomic status of households living in an urban area (Habibi and Hourcade 2005, Luxem and Bryld 1997) . We also obtained geographic information system (GIS) maps of the city of Tehran at each data point to accurately locate the hospitals on the map and to reflect the expansion of the city through time and the occasional changes in the District boundaries.
The required data were collected from the Statistics Center of Iran, Tehran Municipality, the National Cartographic Center, Ministry of Health and Medical Education, and the hospitals.
Analysis
We measured inequality in the distribution of hospital beds in the city of Tehran over time using different analytical approaches. We assessed the correlation between the socioeconomic status of each district and availability of hospital beds in the districts, using Pearson's correlation coefficients and regression analyses. We also calculated two inequality indexes (Gini and concentration index coefficients) of the availability of hospital beds at district levels (Fang et al. 2010 , Horev et al. 2004 , Omrani-Khoo et al. 2013 , Shinjo and Aramaki 2012 . And finally we used GIS models where the distribution of the hospitals is mapped and analysed according to the socioeconomic status of their locations (Perry and Gesler 2000 , Rosero-Bixby 2004 , Shafii et al. 2012 , Toyabe 2009 ). All analyses were conducted for each time period and for different hospital ownerships (public, private, others). We used the natural break approach in the GIS analysis and divided the districts into five groups (classes) of socioeconomic status. The GIS map output includes socioeconomic status of districts and the location of hospitals within each ownership (private, public and other) category in the period of study. GIS maps were analysed using Arc Map10 software.
Results Table 1 shows the changes in the number of urban districts in Tehran, its population, the number of hospitals, and total number of beds and their ownership at different times from 1966 to 2011. The share of these indicators in the socioeconomically disadvantaged districts has also been demonstrated. During the time period, the population of Tehran grew over 3 times, hospital beds increased 2.4 times, public beds increased 1.8 times, and private beds increased 6.2 times the numbers observed in 1966. The fastest relative and absolute increases in the number of hospitals and hospital beds occurred in the period of 1966-1976. The correlation coefficient value for the relationship between the socioeconomic status of the districts and the number of hospitals and beds per capita in the study period ranged from 0.46 to 0.82 (P-values <0.05). The concentration indices ranged from 0.36 to 0.48 for total bed per capita, from 0.38 to 0.54 for public beds per capita, and from 0.55 to 0.78 for private beds per capita. Gini coefficients in all periods except 1966 were higher than 0.6. This index for the distribution of private beds was around 0.8 during the study period. These Gini coefficient values show the intensive inequality in the distribution of hospital beds between the districts of Tehran.
Ordinary least square regression models showed relationships between socioeconomic indicators and total number of beds per capita in all periods of the study (P-values <0.05 except for 1976). Room per capita index explained 23 to 67% of changes in total bed per capita. So, for every extra residential room per capita at the district level, 130 to 280 extra beds were observed per ten thousand population. In the periods of 2006 to 2011 the socioeconomic indicator has been changed to floor area of residential units per capita. Every square meter of increase in residential area per capita was correlated with an increase of three to four beds per 10 000 population (Table 2) .
Similarly, regression analyses also showed relationships between the socioeconomic indicators with public beds as well as private beds distributions in the districts in all periods (P-values <0.05) ( Table 3) . Figure 1 shows the Geographical distribution of hospitals in the districts of Tehran in periods 1966 and 2011. In 1966 out of 57 hospitals, 21 hospitals were located in one district with the best socioeconomic status while only seven hospitals were located in the three districts with lowest socioeconomic situations. Tehran had 162 hospitals in 2011, of which 110 hospitals were located in six districts of this metropolis, while seven districts had a total of 5 hospitals. In 1966 all established 12 private hospitals were located in the districts with high socioeconomic situations (Figure 2) . In 1976 only one private hospital (out of 34) was located in a low socioeconomic status district. Altogether, among 28 private hospitals established from 1976 to 2011, only one hospital was established in a district with low socioeconomic conditions.
Discussion
During the last five decades, Tehran has expanded in size and population. But at any time during this period, as a general rule, districts located in the northern parts of the city have been more affluent than other districts. We observed that through time, the new hospitals tended to be established in geographically further north areas, following the pattern of relative affluence that was moving northwards. Correlation analyses showed that over a period of about fifty years the relationships between socioeconomic status of the districts (indicated by room per capita or floor area of residential units per capita) with total, private and public beds located in the district were direct and intensive. In summary, with an increase in the level of welfare of a district, the number of private and public hospital beds also increased in the district and vice versa.
The concentration indices and Gini coefficients and the GIS maps indicated the distribution of beds between districts is very unequal, as demonstrated by the concentration of hospital beds in a few districts. Distribution of private beds has more concentration. Regression analyses supported the findings, indicating that about one-third of the variance in hospitals' bed distribution could be explained by the welfare status of the districts. This is compounded with a notable expansion of private hospital beds (as compared to The coefficient by which the concentration of hospital beds differ according to the average number of residential rooms per capita.
*Notes the change in the index from 'room per capita' to 'floor area of residential units in square meters per capita'. The coefficient by which the concentration of hospital beds differ according to the average number of residential rooms per capita.
*Notes the change in the index from 'number of rooms per capita' to 'floor area of residential units in square meters per capita'.
Beta, F and df represent the regression coefficients, the overall significance of the model and the degree of freedom, respectively. Although many studies measured access to healthcare services and showed inequality and inequity of health resources but the spatial distribution of these facilities and services especially in small geographical areas with dense populations and accesses related issues (e.g. in a megacity) has not been given enough attention (Macinko and Starfield 2002, Starfield 2006) . Some studies measured inequality in the geographical distribution of beds, doctors and other resources of health sector between cities. For example in 2006 a study that focused on the geographical dimension of access to health personnel acclaimed geographical imbalance is a problem between and within many countries (Dussault and Franceschini 2006) . Shinjo and Aramaki conducted a cross sectional study in Japan and noted the need for health resource redistribution because of geographical imbalance of such services (Shinjo and Aramaki 2012) . Cross sectional studies in Tehran had noted the geographical distribution of hospitals in general, and NICU beds in particular, and highlighted the need for interventions to improve access (Shaali 2000 , Shafii et al. 2012 . Despite these, no previous study had assessed the geographical distribution of hospitals over a long period of time in a megacity. With continuous expansion in size and population of megacities and also the difficulty of access within megacities because of problems such as overpopulation, transportation systems, traffic, and cost of travelling, geographical distribution of hospitals is an important policy issue that may affect health outcomes (Fatih and Egresi 2013, Lee and Moon 2014) . We demonstrated that, at least in Tehran, the hospitals have tended to be built in affluent neighbourhoods. While marginal areas especially districts in the southern parts of the city are poorer with more medical needs, they have fewer hospitals and hospital beds at their disposal.
Although distribution inequality affected all hospital beds, the distribution of private hospitals was so unequal that in Tehran over a period of fifty years only two private hospitals had been established in the districts that at the time of establishment where disadvantaged or relatively disadvantaged (one in 1971 and one 2006) . Also while in the last 35 years 17 new public hospitals had been built in Tehran, only six of them were built in relatively disadvantaged areas of the city. Iran benefits from a hospital licensing approach that is linked with a 'certificate of need' issuance procedure (Smith and Forgione 2008) ; however, these policies have not resulted in equitable distribution of hospital beds (Shahabi et al. 2010) . Our findings provide arguments for hospital regionalization plans that consider smaller geographical units (where concerned with megacities), and are carefully implemented (Rashidian et al. 2008) . Whereas volume-outcome relationship and economies of scale arguments favour concentration of certain hospital care (e.g. radiotherapy or surgery for cancer care; neonatal intensive care) in few larger institutes, these do not justify the concentration of hospital beds in affluent neighbourhoods of multi-million megacities to the extent observed in this study (Rashidian et al. 2014 , Trinh et al. 2013 . Policy makers should consider using public-private partnership policies that encourage use of private sector resources in responding to the needs of households residing in disadvantaged areas, while noting the advantages and disadvantages of such policies (Whyle and Olivier 2016) . As noted before, transport systems (including ambulance services) may compound or alleviate access to hospital services, and should be among the policy options to improve access. Although the extent and severity of traffic jams in many megacities limit the effectiveness of ambulance services in the provision of timely access to hospital care to a large extent (Alinia et al. 2015) .
The study has some important limitations. We are presenting the data from only one megacity. However the study provides a deep and novel approach to the phenomenon, and we argue it is likely that some other megacities (at least in low and middle income countries) are affected with such a protracted inequality in geographical access to hospital beds disfavouring the poor. We would have preferred to use residential floor area per capita as an index of socioeconomic situation. Because of data availability, we used residential room per capita and residential floor area per capita at different time points. These indexes are valid and reliable but they have limitation in demonstrating socioeconomic situation. Considering the average price of one square-metre of residential area in the richest parts of Tehran, which is on average three times more costly than the poorer districts, we can assume that socioeconomic inequality among the districts is bigger than what we presented in our study (Statistical Center of Iran 2014) . Composite multi-dimensional socioeconomic indicators might have provided a better picture of socioeconomic status, however we did not have access to such data for all the districts throughout the study period. Future studies can consider other factors that affect access to care including distance, travel time and cost, and road traffic (Goddard and Smith 1998 , Perry and Gesler 2000 , Rosero-Bixby 2004 , Talen 1998 . In this analysis, we used Tehran population as distributed within the city districts, and did not consider the population in the surrounding districts that together shape the Greater Tehran area. Those latter groups of districts benefit from few hospital beds, and are more socioeconomically deprived. Adding those to the picture would have only augmented the main message of this study.
The results of this study reaffirm the inverse care law -introduced by Hart -that proclaims the availability of good medical or social care tends to vary inversely with the need of the population served. Results indicate the problem of inequality may remain over time and be resistant to policy initiatives and major political changes.
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